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Abstract
The beta regression models are commonly used by practitioners to model the response
variable that is restricted in the standard unit interval (0; 1). In this paper, we extend
the parametric beta regression model proposed by Ferrari and Cribari-Neto (2004) [1] to
nonparametric additive beta regression model together with a variable selection procedure,
where the mean response is related to covariates by means of the combination of unknown
functions of covariates, which can be approximated by B-spline basis. With the help of
this approximation, the problem of component selection becomes that of selecting the
groups of coefficients in the expansion. Based on the penalized likelihood method for
group variable selection, we successfully select out the zero components. The consistency
and property of the penalized estimators are established. Simulation studies and real data
analysis are presented to illustrate the usefulness of the proposed methods.
Keywords: Group SCAD;Variable Selection; Nonparametric Additive Beta Regression
III
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦
门
大
学
博
硕
士
论
文
摘
要
库
? ?
? ? I
???? III
? ? V
???? VII
??? ?? 1
1.1 ??????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
??? ???? 7
2.1 ????? Lasso??? . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 ?????????????????? . . . . . . . . . . . . . . . 10
2.3 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.4 ???????????? . . . . . . . . . . . . . . . . . . . . . . . 13
??? beta?????????? 17
3.1 beta???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 ??? beta????????? . . . . . . . . . . . . . . . . . . . . 20
??? ????? beta?????????? 23
4.1 ????? beta???? . . . . . . . . . . . . . . . . . . . . . . . . 23
4.2 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.3 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
V
厦
门
大
学
博
硕
士
论
文
摘
要
库
? ?
4.4 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.5 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
??? ???? 33
5.1 ???? 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
5.2 ???? 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
??? ???? 43
6.1 ???? 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
6.2 ???? 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
??? ????? 49
??? ?? 51
8.1 ?? A.?? 1?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
8.2 ?? B.?? 2?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
???? 57
????????? 61
? ? 63
VI
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents
Abstract III
Contents VII
Chapter 1 Introduction 1
1.1 Research Background . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Technical Route . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Innovation of This Thesis . . . . . . . . . . . . . . . . . . . . . . . . 5
Chapter 2 Variable Selection 7
2.1 Variable Selection and Lasso . . . . . . . . . . . . . . . . . . . . . . 7
2.2 Variable Selection Based on Penalized Likelihood and Noncon-
cave Penalty Function . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.3 Group Variable Selection . . . . . . . . . . . . . . . . . . . . . . . . 12
2.4 Variable Selection for Nonparametric Additive Model . . . . . . . 13
Chapter 3 Beta Regression Model and its Variable Selection 17
3.1 Beta Regression Model . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Variable selection for varying dispersion beta regression model . 20
Chapter 4 Nonparametric Additive Beta RegressionModel and
its Variable Selection 23
4.1 Nonparametric Additive Beta Regression Model . . . . . . . . . . . 23
4.2 Penalized Likelihood Estimation . . . . . . . . . . . . . . . . . . . . 24
4.3 Numerical Computation . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.4 Tuning Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
VII
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents
4.5 Asymptotic Properties . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Chapter 5 Numerical Simulation 33
5.1 Numerical Simulation1 . . . . . . . . . . . . . . . . . . . . . . . . . 33
5.2 Numerical Simulation2 . . . . . . . . . . . . . . . . . . . . . . . . . 38
Chapter 6 Real Data Analysis 43
6.1 Real Data Analysis1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
6.2 Real Data Analysis2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Chapter 7 Conclusion and Discussion 49
Chapter 8 appendix 51
8.1 Appendix A. The Proof of Theorem 1 . . . . . . . . . . . . . . . . . 51
8.2 Appendix B. The Proof of Theorem 2 . . . . . . . . . . . . . . . . . 53
References 57
Publications as the Degree Candidate 61
Thanks 63
VIII
厦
门
大
学
博
硕
士
论
文
摘
要
库
??? ??
1.1 ???????
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?stepwise deletion???????subset selection???????????????
????????????????????????????????????
?????????????????????????????????????
????????????????????????????????????
??Breiman(1996) [2]????????????????????????????
????????????????????????????????????
???????????????? Frank? Friedman (1993) [3]?Huang?Horowitz
?Ma(2008) [4]????????Tibshirani(1996) [5]??????????????
???? Lasso??Fan? Li(2001) [6]?Fan? Peng(2004) [7]???????????
???? SCAD???? Zhang(2010) [8]???????????????????
??????????????????????????? Lasso??????
???????????????? Meinshausen? Bühlmann(2006) [9]?Zhao?
Yu(2006) [10]?Zou(2006) [11]?Bunea?Tsybakov?Wegkamp(2007) [12]?Meinshausen
? Yu(2009) [13]?Huang?Ma? Zhang(2008) [14]?van de Geer(2008) [15]?? Zhang?
Huang(2008) [16]??
?????????????????????????????????
???????????????????????????????????
????????????????????? GDP???????????
????????????????????????????????????
1
厦
门
大
学
博
硕
士
论
文
摘
要
库
1.1 ??????? ??? ??
???????????????????????????????????
??????????????????Stone (1985 [17], 1986 [18])???????
?????????additive spline estimators??????????? p????
p = 1???????????Horowitz?Mammen(2004) [19]?Horowitz?Klemelä
?Mammen(2006) [20]???????????? p?????????????
?????????-???oracle-efficient?????????????????-
????????????????????????????????????
?????????????
???????????????????????????Antoniadis?
Fan(2001) [21] ????? SCAD??????????wavelets approximation??
??????Zhang??2004?? Lin?Zhang(2006)????????????
?????? ANOVA?????????Zhang(2004) [22]???? Lasso???
??????????????????Lin? Zhang(2006) [23]???????
?component selection???????smoothing operator???? COSSO?????
?????????????????????? p????? COSSO????
?????? n d/(2d+1) ??????d??????????????????
????????COSSO?????????????????????Zhang
? Lin(2006) [24]?????????????? COSSO?Meier?van de Geer ?
Bühlmann(2009) [25]????????????????? n?????????
????????????????????????????????????
?????????????????? 1?????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????Ravikumar?(2009) [26]??????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
2
厦
门
大
学
博
硕
士
论
文
摘
要
库
Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
